(19>B;#a#ffrf (JP) 



0» ^ ^8 ^ 1^ ^ ^ (a) 



#^2002-289269 
(P2002-289269A) 

(43)&W H ¥J6£l44plO)3 4 B (2002. 10. 4) 



(51) IntCl. 7 
H 0 1 M 14/00 
HO 1L 31/04 



warn* 



F I 

H 0 1 M 14/00 
H 0 1 L 31/04 



f-73-F*(##) 
P 5 F 0 t> T 
Z 5H032 



f»;fc5ie>8:4 OL (£ 11 M) 



<2i>aiK#^ 


4$K2O01 -85338( P2001 -85338) 


(71)fflSA 


000003609 










(22)m&B 


¥jj£l3if 3 £ 23 B (2001. 3. 23) 




S»SSttiPfiX#»rA^gJ8^«il4i# 














(71) WHA 


000000011 






















(72)|gHMf 


sns mm 








S»»S»5P&5V*5ijA^*^«3l41# 














(74)«SA 


100088155 








#S± ft#)H (#3£) 











(54) fc£W©£*W i&5g^a*IS^ffl3fc«S©S^^S^^m^^l»«»®Sfj&*te 
(57) [gift} 

®O^WfcliR#W<75*ffiF 2 2{:, 18 0—4 5 0 



10 




1 



100 



!(2) 002-289269 ( P 2 0 0 2 - 2 8 9 2 6 9 A ) 



%$ffit ii&ttm<7>gmiZ. 1 8 0—4 5 0 n m<7)^ 

&. 
x. 

K'pxiiWM'mmwzti^x . mpmw&m&w 

ItKttffl&mffiiZ. 180~450n mOfeftlUSOB 

z t zmib?z>&mm!m±mnmmytnmcoMmij 
m. 

in$m3} mmmxmxmz&^x . m^mzw. 
izmt-tz i b zmib-r&msm 1 x« 2 tiem^fe 

b m&Mb irmmmft t xn$mm. $ tuzf&tw* 
mMteMvm&xmx'h ~> x , 
m&e.nmzm&m 1 ~3 owtifrizimco&mmim. 
±Mimftw&<7>mtjTmiz± vwm-t&zb 

[00 0 1] 

mzm^-z. 

[00 02] 

-*-*H<C4>S£ 0 fc i<c*mftatt«%R!ftP3iK> 

ya-txxmmxz h zbmfrtiznmmiwmw^ix 

^Mf-3Q«W8 (»*SMO (%) £l*J±$-£l>*: 



77=1 00 X (V„XI 3C XF.F.)/I r ( 1 ) 
ZZX\ TIB5S ( 1 ) I 0 JiWlt*3ftKIotniWc 
m-2). V oe ttlBJlWE(V] % I, c «*fi*MEaHfc«CmA 
cm-2], F.F.Jift^H^ (Fill Facter) 
[0003] ±fE?>&ftfc LTli. Wiif . «HI12 0 0 
0-28598 OWMMi* ^WmM^WMmz^ 

iztfxzmm-tttmb. mimxtemmb%z>tt& 
mm&<7>mb%&mm$:&tsmm^ (£M+^> tc*s 

[0004 3 

[HHS^jB^Liat-r-siiis] u^l***^ *wj\ 

%t>te. ±ieo^g§2 000-28598 0#^»t=E 

mcr>w£ZMLKimm£ffitfz&mmBm*mwmx' 

[000 53 -ftciyh , iflBtf bMSS L < (i#3S£5g|g 

mx^vmf mux. i-hv^^m^T^v^m, 
tmtfL. ztiz+Mzmiz-tz z b vmrntt 
tb^ x.*j^-mmmtimTLx L£.^>x\vz. 
[0006]®:, mm*'&tsnmm#izts\,\xmnm 
*mstti-&nfetzi,. trnttrnmemmsfczmtLx 
mmmfficommm*$£-{£z j £& zbitx-z %m 
mmzmi lx \, ^xmmRfczmm-tz wmtsm 

hZb tf+Mzx* tcUb\^o IBjffljS^fc -5 jfe . ^ . 

j&vi}bmm-&mb&KmLx Lt ^tv^m^ 
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mcvti]mm s mA& ( mta ) am v < «t lx l t 
cooo7] xmiit. ±Mzmmmcr>&~fz>mmizm 

-fft. 

[0008] 

t^tih ytwmco%n^mmzcvH±zm&jiX"jmx'h 
ftkv^kSrmttU ^muzmmhtz. 
[0009] -t^h-h. *&wit. %ms*3i-?&¥m 
immt. mm&immco&xmi.izmmLxw.mz 

mmmx-h^x. ^xitmrnmrnm^zn^x , # 

^mffi^^fflfc«i:R*fffl!l^KDStc. 1 8 0~4 5 0 

BSaSJUDUfci 9#^ftft¥##*ffiOJrajfc*ti!S£SI 
£©*$-£ftfe*©*I;gk. 

[0010] fe#tfSS*^*?fi^^L7t^tmjS« 

wgM-r ft -r t t,z%& ±iico*mtmm<7>mffiiztt l 
x. ±imwz&^xmm¥mimm?:ffi®.-f&¥mfo 

fl*mfc:***ift:&«Hfc£aK iiM^^oWftS. 

«7G2jjW«wn\ ^4>o*#^£lt:t£3t^ft^Xi;i 
*4HPtf«Kfc:J: 9^^ft**--f :*y£jl7uLT*§g 

JM^HJSSriltf $-£ft ycri^Mi)^- 
=5r < . «fc o frKSRT-* > k iiJSfe* k OS 

J5£ffiWT ft £ k a*T-# ft . -e LT . ±fe<03fl$4^ffl 

«ESE«l^*ia*^*^^*+^fc:»'JkKf*-r ft - b 

±mmmm%mm -r 1 #t-# ft . 
[ooin srfc, *Bjn«icfcv^r . r^mwmmco 
mm j tn. iMicDXoiz^mtmmzttzitmmz 

««W-t=SaiWft £ k C5r ft W*>IB£ . 
[0012] *fMBI;JU ^3fcffiS-Wf ft^ft^ 



Mtftot, ^#«ff£flMflSfc*-ftfB!«fcSMrA' 

*«jsu *+xtti»iwi*fK+c*si-vc. Sterns 

R**fflBtf*ffi(=. 18 0—450 nrnCDfc&mmwWM 

&*fmt&mm!mx&k* mmamimizj: 

^ft^S«tm«i^H{c*iSfeS2r©^$-frftfe3gifi3i 

issk, ^w-rft-k^#mk-rftfe«tiiSM±^m?te 

[0013] i*Di8i^r3£o*&fc:t>. ft^iS^SBt 
St^-ft £ k (c J: 0 . ^f*«S2rfllJ«f ft^#5»^t= 

*-rftik*>'T'#ft^T\ muz%R$ammt:*rt& 
&mmmi±mmmmftmm$:m ft £ k ft . m 

-Utt&iJ:. ^»«c«®^^ffl®k-rft«^b^-fe^ 

[0014]^t5, <r<7>i§-£eD rf^t;l,j k{4. 
3tm@2:fil^rft^»f*^fii^fPffl€ik-rft (.WWi 

mmizQiM-t&^Txw&zmm-t&ztizj:*}. ^ 
mtmmeymffizmitfc&timmmzmft-t ft rjss© k 

^ffi^a7C^B*>'S^tii^ftSfE«k-rftC 
k^'T'^ft. ^f^me^Sffit^V^T^b 

m-zftft^mo.* x *>m®iz®mLmmcomi£%& 
^mim^mkizwn^hWb&frt*. sm^co 
nmAt^frzm^&zbifi-ms. 
[ooi5]i^ r*m#mm&u Txw±*mu 
-r ft j z b b it. msMti&zMzis^x . &mmm<nm. 
mztt Lxttmm^izziMttMto^itfu&zmft 
%&&zbimm%nmzfflR}-?zzbz*;-r. zz 
x\ JUTxnKbit. ftmm<Qnm^mwm&p>m 

mZtiZi><nx-itt:<. WMit^-tMzmm-t&WMM 

mmmzm tx m&mm*im% t <r>zmm- ft z b &x 

#ft. «i«f, SHEk^d) . 

m-^immm (ot. rA.g-Agcij kie»r 

ft) . *D^;U«@^O^Ic7)S«i^^-rft^k^-C 

#ft. 
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[ o o 1 6 ) mz. ±M^WM<nmm.m^mT^h 

iz-titi&T-tm. mm^&^mm&izx oism^s 
*u>. muz. mm&zmiL%tfL>mmmizttTr& 
^mftwmvymo. zzbizx*). ±mT-tm 
<7)Mi£*sm%m<iL&m$:mm mz^tbx i> x < ( im^ 

M7m{m<r>mx¥m7-?fr^mmmiz>f<:#>x *> x 

i - ] : ma, mnmmKc 1 *mm) co^-sizix. 

ftmm<7M&li- 0 . 5—1. 5 V vs. Ag-Ag 
Cl*Wil<- -0. 3— +1. 5Vvs. A g — A 

gc i#i9#£U^ 

[0 0 17] Z.Z.X'. ^mUZ&^iXlZ. ±i£O2o<0 

mm-%m<vwtuz&\,^xi>. 

fl^^OKB^Sff Sm^cT)^^ 1 8 0 n mJiLh 

*m&wm<vmffi izm&t h wmLvMmt . i s o~ 

4 50nmtJ.|.CJ:* s Jt , >ML<. 2 5 0-400 

n mX'foZ Z b 3^MtC»* L \\ 

[00 181 £tz. ^mzn\^x^. ±M<V2mm 

mxm<7>wtiizt5^xi>, mmernxntzts^x ^ 
■v&m£8mti>zktfB*i,\\ ztuzxo. 
w&omffiiz&^x . ^mmmtz-tttii^ssmsL 

w^uf^cmmgzxKfx.u-xiz 

ftoZb ifiX*% & X o \,z*s:h<r>X\ JJB^ICHJ^ J6t=3» 

* i < trox. *)mmi,zmm2ctz> z. t &x-$ & . 
[0019] mtz. ^xffiztt&^mtm 

wm&k&ftt&yttt&t. ttmkz^Lxa*). *m 
tmmttfmt tfw*M*-fi- LxtfmwMztuz&m 
mL±ffim&<Dmm.-%mT& ~> x . %wm:. mmuz 
*mi<ttmmmi±®wMmxw&coMmiTmiz x o 

[ 0 0 2 0 ] ZCD X o lz. fi9T3*Lfcfe«fl»JSffi*B1Kl 

izx o . <gft£x*;^-^m^£^6fe#g^ss 

[002 1] 

m^mmnwmi}m^xmmizfflm'&. a 



[0022] 3fe-T. **B^t:j: Oi^^ix&fiSlitM 

±mm8imm.v&mrnmL±ffimm<m*mmz 
^x&wr&. mm. *&wcr>&mm!m±mmm 
mftwmcvm&xmizx oMit^tts^^^o-fiaj^^ 
•tmimmwx'$> s . * - t . a 2 w , mi tz^twn 1 

OOco^o^s^^DfHHT'*)^. mz. 03ti. # 

[0023] El tciK-rfeiRti!SS±lim;#M«S 1 
Oli. ±fc LT. »fciIiF2*3r*-*¥3WMM2fc, 

&rnmmt±mnm.2 oii. ±t lt. 01 iz^tfz^t 
mm iot. Kmc e t % z^—y—sizx n^tms 1 
0 tame e t <oHt:»j£$*i.& fom&mztvkm* 
nBtfrt>ffif&ztLxu&. zlx. itmmicvmfo 

mM2it, *<7)mffiF2 2(DmiZtiUXmMMEk1£M 

[0024] z<7>&mmBm±®iWM2 o<i, mmmm 

t&m2fttz&^xnttmii*-£&. *lx. 
WM2mzt5\^xmE. Ltzwm. mvnmm 1 izm>h 
tix^mzm*>m^iih, 

[oo25] m^mm 1 e>mm£mzmfezti2>i><7>x. 
{i^<, mi%n&m®mm±mmmizmmi*tihMwm 
m*mmxz&. mtt£. mi Ri/mscmm^mi 
ix. $7xmm<?mwwfr4<n!mwmm2crm\ l zyt 

mizm^t>ti&mwmm*m^tii$x^. mt&. 

ZnO : A 1 zi—Vtf*7Xmifimft>tl&. * ••/ 

JR«ffi^^'^xS^^c7)a^4±(;iS{t^^^-et>J: 

[0026] ^bj«M4 k LTii, mA***nmzm*'* 
L>tLZ,mwmfczm^xx\,\ mimizimw**??* 
mm. tf7xmm$mzmmzn$>-t%k'Lxft<7)Bitt 

k'ftzm&^&itcotfmmmtmk Lxmi^ixh. 

mMmmm&fc%b'xi>x w 
[0027] m2iz^k'txoiz. ¥m&mm2te. ±b 
Lxzun^mmk^p 1 bz.^&iim^mtm^p 1 
<r&wizwm-£tvfzmm&mp 2b^hm^tix^ 
h. z\(?&mim&2coffimimb%&*mmimzm 



!( 5) 002-289269 (P2002-289269A) 



II Ti0 2 , ZnO, Sn0 2 , Nb 2 0 5 , I n 2 0 3 , 
W0 3 , Zr0 2 , La 2 0 3 , Ta 2 0 5 , SrTi0 3 , 

BaTi o 3 mzm^& h. mm^mwt 
LTfi> mm. cdsf^v^^tms. & 
fc. ±.iicvm&c7>mt,z. s i , GaAsw^; 

[0028] ¥mwm&2i*uzttzit&m®& 
z<?>mm&mp 2 1 lxu. ^mm^^m&mm^m 

-h-b'*(2. 2' -b'b°!>>^-4. 4' -5^^ 
*3r^l/-h) (II)) ^#W£>ft&. 

r )ft&L<. 8—1 SvmX'fc&ZttfmizliftL^* 

'J?tc<%n%ttmzmLX^j:<%&mfttf±% <3r 
— 4^#fMwff^#* 3 0;um M 

m.tf&<%&tki>lz. J*ywmm#tikkLX. % 

mmz tixxmfc'wn^&Azm Ltcm^mizm- 
h 1 - fr^onT&Aiz i->T 1 3" ^>w\cr,mta^m. 

[0030] 2«CEUu #fclS^§ix^t>c7)T' 

®m^L>tix^&*mtmti>cD&m^xj:i,\ mt 
tf. mftowtnnmi tn^m^^-thh^x-h^x 
t i < . ^sjmii 1 1 mmoMBfmim 3±cptfcD 

$mx%mmt2>i><7)X'h-?xi>£^. ttz. mmmm 

[0031] jgfc. «««Ec7)ffl^i>3tl)g$fL^** 

Trnz-s/uX'^tiimizmmztift^iiK 

1 -/ 1 ,-xomni?<) 

S-^LJtt^if^fflV^ifc^T'tl.. -eofte. Br 



t^c:n^c7)^?§^) izmfrLfci>coi>imx'Z&„ 

[oo32] ttz, xi-* r-scoffii&mmmzmfe 
zti&i><7>x'iz%<. mm. ^vtt'-xmzm^z 

[ 0 0 3 3 1 mz. m 1 

1 0Rxs&mm®gbkmnm2 0 LT#f&B#o£ 
&WM(vmmimiz^uxwmtz> . 

[0034] SfctCj^fc i d fc, *%BBc7>fe*liSM± 

1 8 0-4 5 0 nm<7)«[^lSomaa^^Bgltf-«»*ffi 
*&StIS (JitT. r «ffi*ftK&Hg 1 j b^o ) . XfcL 
2 ) ^WMM^fflffit-tS^R^-k/U^WjRL, 

**xiiwwKsa**=tJv^T. ^mwmmz^rx 

Bfc. 1 8 0-4 5 0 n m«OMI«<?)ia»JiStt 
S«ilg ( fcTr\ r^H^agx^ 2 j 1 1 ^ ) 

[0035] *mi<?>mmm±mmm%mm<7m 
mxmz. ±m^mm^mj:m 1 xfi^s^jupg 2 1 

mizx 9m&LK?/tmm&m^x&mmm2.±ffimM* 
mm^ttmx'hmm<mMi.mtmzmjz.zii% 

[0036} wr. mmamxm 1 ximmwsjM2 
izmm-?& tz#>cr>mm&mzmt $ *tx v v 1 

[0037] 5t-r. aims 1 *tE&rs«-&ii % 
xmm<7>mm4±.izMz&Kt:7 > y m n-rs n o 2 

[0038] iKC. ^HJ^S 1 «0@BJ^mil 3±CT i 

m.2*Bm-hzttfX'Z&. mwmwm3±iz!mfc 
tmvHzmmzithijmb Lxwjmcoxmzm^&z 
ktf?z&. mm. m^b-Agpf. isMiir. 

f&£-tf\ RJB^miB3t:MBJ#«M3±tttW$-li-|.RJS5 
*« LT C V D^<7)-fk^*^fflv^ ,1 tT'# ^> . 

[0039] mz. MBnmnm3±iz!mfamm2 bta 
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^mfammmftiz imz>nT<7mmt>m% t % o , ^ 
)\s*-mmmzmizfa_tzik&zttf i x'zz>. mz. 
±mnfmmzimimmwmz*>^x'tto t . mm 
xfmco^^m^mmmt z t wx-z . ^mim 

[ o o 4 o 1 4 ?z , m^mm i ommmmm 3±iz*m 

PI {.m-m-mm^l — l OOOnmgJK, »4t 
<{21-1 OOnm^) 

a^aaiSrK' ^mmrn^-p 1 £#!5re# & 

t>mizm%.2ti*W 4fc, ^tX^+Kte^^jEtT 

a&u 3 oo-8 o o°c#*?4 u>. mm&mfi3 0 0 

#80 o'czMz-zt^mmiiT-p lmomm&mx-. 
¥m&mm 2 ( ^nm^m^m ) < & 

[ 0 0 4 1 } JJCIC. 1 (CO 

*k-fj:nmx'$>z> . H4 tc^-r j; ? ic. simus 1 

{CiJ^Tti. 1 8 0—4 5 0 nm<7)^^c7)m®M2: 

zixizmm&mp 2 zttLx\^mmm 1 0 zmm 
zlx. mmmmi&E 1 owzm^feuszmi 

2 2lZfHH1X 1 8 0—4 5 0 n m<7)MW$L<?)WmLZ 

a«. i^cio. #^«MiS2c7)affiF2 2tcfc 

•&^%^c7)^!iJ I 2 (R) "gt-ftj^S 

^^k^^i 2 (ox) t^o. %mmimm2 
*frt>mMnmmE 1 o4>a&*$*u>. 
# . a®F 2 2±x'i±WMmmmE 1 0 

[0042] ±iemfi^<03tjSi: LTti. tfiRlf. ? 



H7>7, *HBfc* ss*^. ^-b/y^yr 
^w<c>ii&. 4 it. ±iessF2 2co^«t^m{a 

BSSHfc 0 t=IKS*^&WBBR^)!S«3feK« 1 mW/c m 

mW/ c m 2*)WT'^> h t mttJBXtf-HttZ&ff 

H Ztlifih h . —H . 4 . ISIt 3SUS*< 5 0W/cm2 

s-^sx ^> i: , m»^* j jn^$ nx m&thts ztiifih 

-lOOrtM^fcAWiK. 4 0-8 0m5 

[0043] 4/L% fi«ftUS<Df!«e«U:bTtt. «i 

co^litii^fil 0— 5 0 0WfS,|„:i:^mi<- 2 
0-200W-C'S>i»^t#if4LV%. IC, ^h'x-r 
-^±OfR^i*^. ^^US^jg«i2 0—150 
kHz-C^>^ii:* < »4t^. 5ttc^fciptc: 

I 0 0 4 4 ] ifc. «m«^?se i oti^m^m^c^ 

tV. -rx}\Z\y>$-i£*-Ymtz4 *>3m*t:m-&L 

tzmzmmLxi>^\ mz, Mzm^.tzzoizzem 
mmmm 1 izm^xa. mmmmmE 1 o coyote 

[0045] <j:fc. *%mi,z&tf&mm%mTM2cr>-- 
Miz-o^xmwtz. i5ii, *ffiMaxg2co— 
^■tJLmmx'$>& „ K5^-r«fcptc s ^ffiKS2 

^fcV^Tti:. 1 8 0—4 5 0 nrnWilSi^HaSJ 
jgjSW5ri§=3§3 2 fc. «M«?§?gE 2 0 ZXtlh . -e 

■imsRE k , nrnc Eiot. mm&mp 2z&gl 
x^%\,mmmiot$:WMnmmE2oftt l zimL. 

[0046] -ei/C. *FrVi'*A9'rYA0*imZ 

#xm£fomm2i l zJUTxm&*m\L^. mmm 
mmE i o wzmumv s ^bbj^ l^*^ . 1 o 

Sr«^-r^^#«®20KHF 2 2lzmWX 1 80— 
4 5 0 n m<7)^^<7>mja?$S-BgJtf-S . 
X? -y h 4 0(*9K«:#BB«©RE 1 0 

«ffi2 ) fc ^«!$n^«a©JfflIlHKfSi: . 3fe«fli 1 0 

( 2 nw««2 ) t^fticE i o twmezivk.vmm 
m\mttfffit$>nxv^. ztiizx*). *%$fmm2 
(Dmffiiz&\^x±t Lxmz&mtBmizftm-r&m$i 
cD±*wttmc e i o izmnz ttuz. mmtiffl®m 
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i/zx vmmmmR e tm-h %mm i o ( *mtmm 

[00473 ztiizx*), *mi>mm2cDmffiF2 2iz 

-r^mm^mmi 2 <r> mutzti. zwutm 
m^mit^mm 2 (ox> t^r>. ^m?mwmm 

2+*?4>«IWKS»E 1 04>«fc*£;h--g>. Sri*. c<o 
t # . KHF 2 2_LTfcMW«i8«E 1 0 *<0*c9BMfc 

cE±tii. mffiF2 2±nmiVKE4zttm-?&M7m. 
j&wwtU man. mmmmmE 1 o*<^*xii** 

[00 4 81 zcr>$mwmj:n2(,zis^x. ¥-m&mm 
imsis i t mmizm^vku s 1 o zmtn-r. ± 

ffi«««tf>*i»t LT fc J: t >. 
[0 04 9] ZZX'li. f^ffi© (¥*l#c«ffi2) 

i:. #B§«ffiREfc. SSCE1 0tfrt>ffif8,Ztl&\^ 

[00501^. «jb®^?se lot. mmmmum 

Kffiffllg 2 tcfc k . ^KMUSIg 1 i: |5H»C«#? 
[0051] *^BJ(ci3{ti>fe«©#XStC^V> 

xwn-th. esaRfcigtt, maamjMixntfm 
m£jLn2£m&ztiz£r>i%t>tiz>*mimm2 
mftmmm) ^zim^mcD^mcoyfmizxrfmm^m 
p 2 zttz-tz zttzx*) &mmmii*®mm%M 

i x(i*B«iaxg 2 iz x k>\ mmm 

F 2 2£««^&&^;fr&£ffl^S Z 

mottLiZii^izmtx . mw^m^T^^i-m^m 

BHfcft*¥3«ttK«2 (¥$tt?i£*fit) +K*^r$-frT 

[0052] fe»ii^±i^m?teffl^«®(i. ztizm 



^xzcrrtw$m*m&tt5Zti&&. ±ie<^ffiMs 

IS 1 Xti^M^SXg 2 ; i: (c X 9 . 
fi 2coSffiF 2 2«3e^^^5fcWfiJ^Bff<D8WllHg 
it. li^-fe«P20*. f^«SJ5LTM^. 
[0053] i<0i 3 £ LT?fc1tS 1 0 SrfHKLfcft 

1 0 fc . X^— 9"- S 2:0 1 fcjjrt J: 3 tffl^±(f T . 
[0054] 

imtm] jtf. mmiBLXfimM*mfx*m&fe 
mm<mmttiz^x3EizmL<mwt&tf. 

[0055] (^MM l ) £(TK:^¥MHc J: 0.01 

&mm®m±f§immm%mm$:m^x . ®3 tc^ t^fe 

*iMJSM±^m?fi2 0 tPI«<7)1g^*-r^ 1 0 Oram 

x 1 0 ommcvxy-fr^mg^tmwmzim L 

[0056] T i 0 2 ?4^ (T^ftg ; 2 5-2 

0 0 nm > *«BS»at=A*tTafM-&i t lz£ 

-rxjo-zmmLti. mz, j-f-Tx^v-izm 

zntzsn o 2 mmm (mm-. 5 o o n m > 

iz. ±^^-xh^x^u->Ep«"Jt. <k\,^x$tmz 

tt. Zcolk. 4 5 0°C<D3kf¥<?)i> kX*ffi!8.L 

0. SnOjSWiLbfcTiO^^&ilMiflrtMC* 
3tMcoaR ; 9 Omm X 9 Omm. fii/P ; 2 Oum) $r 

[ 0 0 5 7 ] i^^ffiijaSIXS 1 (Ct^^T. ± 

IB<W»fr«ffi^)JBii&BMk«uiLJt. 04 

imLti. <X^X\ 4*>3m*<r>i&mZ5 0X:iz$m 

1. m^tit (in^j ; i sow. mmz.; 1 ookhz) 

£ ; 5 0 0 wcoSflE*^ >7\ SiatauS ; lOOmW 
/cm') SrjHWS-ltTfc. 

[0058] l?-fLMaL^^*m®co«Htfe 
*SrJSlT<0id(cLTi8aifS*fc. ^"f. v^y7A 

(c;l/T--r>A|g#: [cis-Di (thiocyanato)-N,N'-bis(2. 
2' -bi pyr i dy 1 -4 , 4 ' d i carboxy 1 i c ac id) -ruthen i um ( I 

01 £. -€-tf5«B65*3 Xl 0-«mo \ /LkK&XolZ 

mml. >\sT-*?j*®imm£mmL?z. mz. zco® 
miztmftmmzmm u 8 cc^iSjg^^i, txs 
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/Uf-- ^Aigflcfr'ift 1 . 5 X 1 0" 7 m o 1 /c m^T'tS 

f--)iigMft^«:ti^rt h - b y ivmm 
1 1 5 « 2 5 °ctc«» Ltimmfm* tz& 

[0059} mz, ztmt LxiMic^mmtmrncm 
vtk±zztti-z>&i&wm (Ptmmcomz ■, 500 

^-1f-S ry--v>j ) £?«!§U ®3£ 

txttfo^t. ftmz±§mnMM*ftmLx&mMm 
[0060] < mt&m 2 ) ¥*i{fcm<7>»® <mnmw. 

Z±&cr>mMWmJLm2lz®:-?TlXr0>£ o fciLTffo 

tzzt mm . mmm 1 1 mm^>&mm^±mmmm 

izXVimLtz. 

[0061] -tttii-h. m^z^Ltz X 5le. X 

=fvis*?.* yhizznz'tL&mztitzmmnmk . m 
mt . mm&mi^Lx^^mmt zvmi- b y 
*?j»*mmwzmmL. imm (^mftwm) t^mm 

g-AgC lfS( [C I"] : ftfQ, mOKC l tKtS 

iff) <£LT. 

{mMcymtiLrfO . 2V vs. Ag-AgCltW 

[ 0 0 6 2] ±ieWSffcfl^<7)m<i«2. £TF 

MS&«t54 i i*Sf4 (TiO,) (c-ir^itS^ 

lem^-hs-tiwti**^ * - t mm%mx-*>z . j^a 

[ 0 0 6 3 ] 06 mm 2 tf)«ifc*ri£fc R«<?5^rffi 

^-fe^&fiffl L . *«»«0S!l»t*fctt«>±Kfc mate L 
#^f^mS<0€{ji*^- 0 . 5Vvs. Ag-AgCl 



0. 5Vv S . Ag-Agc 1 zmitzn&Mmzte^ 
x. ^ti^m*KWtmim<m£ztix\>^zkw 
lt. ^mttmm&nmto . 2v vs . a 
g-Agc 1 &)k # . ^teisa* 1 ** t # 0 , c 
&iz&^x^im,m*<ttMM<mitK®&mi>%)m 

X < mft %>z\k tfhfr-o tz . 

[0064] ( mmm 3 ) ^^ms^KB^K-fL^s 

£&TO X 5 tc LTff o^; fciilWi. HSfi^l 1 i: littR 

zmmmi kmmnmmizx onmLiz. 
[oo65] ^mikmmcommcDM-immii. mw&z 

miL%fri1zZk&*H*. mMMlkmm<V$kftcr>t> 

kx^^tz. -t%h*>. 5tf^«ifi:, mmm 
1 kmm<Q%m&*imLiz. hk^x\ 4*>$m*.co 

i§JK£ 5 0 'Ctc«^ L , ^^S^SHtf6}ftT«?a 

^ ; 50 owtosBE^is^yr. mams. ; 1 0 

0mW/cm') ZmtZtt. 

[0066] mmm 4 > ^^mg^Kajco^LM^ 
*y.T<7>x otzLxftitzzkWHt. mmmi k\*im 

zmrnmi kmmvmmizx vfimvtz. 
[oo67] ¥m#mm<vmwv>mwmiz. m&vi* 
m®itr. -i * >3m*cr>&*> 0 izmMmmmzmm t 

0. lmoi/D ^ifflKL. zoymmm. 
mmwz^ mmmi kmtcoxMmzimLtz. 
x\ WMnmi&tpni&g.* 5 o'ctzunv. *mtmM 
cvmmizmixwmL (Jtm-, 50 ow^s^g^y 

7", HPJt^JK ; 1 OOmW/c ) $-8^$-^. 

[0068] (mMft5>*mtem&<vgmcvmiwm 
zwfox o iz Lx'n^fzz k mm. mmm 1 1 mm 

zmmm2 kmmcom&zx 
[0069] tmimmcomffi^mmmte. m^vk* 
mmmi kmmco^n-^kxmzmm^tzzkmi- 
it. mmm2k\simv>&ftcoi>kX'ft^tz. -r=5r*>*>, 
5t-r. lx. imi- b o ^^mm^mm 

Liz, ZLX. --Kfyy^^'y blzZtl^tltmiStl 

fzmmmwk. nrnk. mm&mzttLx^z^xm 
®k &imi~ b y tJ**m&wzmm u itwmzttm 
mk-tzmmm 2 1 mmeomsMtmwzmm Ltz . * 

-TS^#:®gtfOm{i^'0. 2V vs. Ag-AgC 

i k%hx?iz. ¥mtmmizsUTxw££ffl)uL^ 
l mm\kmk<r>%&-x. ^mi^m&commizmti- 

[0070] ommi) ^mfaw.mcvmwcom.iwm 
z'tt%fr'>?zz\kMMi. mmmi kmmvy&mmm 
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[007D ( yarn 2 ) *mtm&<7)m®comitwm 
^c: t mummm 1 1 |5H»<»£ k =t o hm^j 1 1 pi 

[ 0 0 7 2 } ±IB0Jt^J20ffet^ ^ilfrtt^ 

Ho^^ms^s^^ u?t c: t mmmmm 1 £ p}« 





Voc (V) 


Isc (mA/cm 2 ) 


FF 




mmm i 


0.72 


13 


0.68 


6.4 


mmm 2 


0.72 


14 


0.69 


7 


*«sm 3 


0.71 


13.5 


0.68 


6.5 


mmm 4 


0.71 


14 


0.67 


6.7 




0.72 


14 


0.69 


7.0 




-0.68 


i2 


0.67 


5.5 




0.68 


11 


0.67 


5.0 



[0073] wwmmmzft^K 
mmm 1 -mmm 5 , itm^i 1 -imm 2 co^sm^ 

M Ui^f-fe J >T#>4> 10 0 OW/m' <?5M{H±® 

T«3i[-«ffl#tt£S!l5£U SSftmjE (Voc/V) % 
3S3&«Sfi( I sc/mA cm-2) % ftlSS^ (F.F. ) 

Rifx*)^-3m®m in/%) -e^mm 

£$k 1 tC^. 
[0074} 
[^1 ) 



[oo75]*i iz^vtz%i$kipt>wt>fr%£ 0 iz. m 
mmi -mmm5&rnmmL*mmm<7>^*}^-%:m 
zhmviz. ztizmznm- &mm 1 —mm 2 &m 

[0076] 

izmcmMk] &±mwL*i£oiz. *&mz±tii£. 

*ffif&.~tz>*mifrtfmiz&£ tizxmg-mL 
mzmmi- h^mn*+Mzmtmk-t& zt&x-z h 

m*ttz&mm>m±mmm*:mmzm^2>z t t,z 

imi ] *mico&mmmL±ffimmmftmmcomm.ij 

[02 j muz^-rmmi 0 oco^^mjmckmmm 
im3 ] *micD&mmmi±mnmcDWg3Tmiz ± 0 

[124 ] *%w<^mm!m±mnmm%.mm<vmmi 



mcD$m!&mxM<7)-mt:^i-xmmx'h&. 
msjm4 iz^mwwmj:u<7>m<7)mz *-f ito 
x'h%. 

[ H 6 ] m 5 tc^St»yUPil;::fc v . 

1-jgBjM^ 2-*mftwm. 3-m*mnm. 4- 
s^. 1 o-- &mmm$tk?ginwm%mm, 20-M 

30, 3 2-^. 4 0-*fy^ 

5o--«^b¥-b^, 1 oo--&mmmtk 
mmmm±nmi oco&ftmm. ci -mnmsmmiz 
teii&ymmconffi-nmmmm. c2-9$mz*>v 

mm2 oottm. ce 1 o-m%it^>v5 o^. 
^■■■&mmm§tmwM2 ocvmmM. e 1 o-mmm 
mm. e 2 o-iM^f-b^5 oomisw^. f 1 , 

F2, F3, -SBKIIL F2 2-^Mi2(^)Si, 
I 2 (R) •• I 2 (Ox) -^KffijI 2 (R) 

<0M-fb^^. L10-mfi&&. . P1-#7L«^* 
P2-JiSfef. RE-#BS^^ S ■X'<— * 
US1 0 -jg^M. 
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[011 IM21 




(72>%b^ hp 02>m& m nm 
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(72)»IB# jSOj tBi 



(72)fHB# Sffl 

S*n*^mTfJ^BBT2T@lStft T-f: 

F^— 5F051 AA14 CB30 FA02 FA03 FA04 
GA03 

5H032 AA06 AS16 BB05 BB07 BB10 
CC11 CC16 CC17 EE16 EE17 
HH07 HH08 



